The last century experienced remarkable advances in the classification, diagnosis, and understanding of the pathogenesis of the interstitial lung diseases. Technological advances, particularly physiologic testing, lung imaging studies, bronchoalveolar lavage, surgical lung biopsy, and histopathologic assessment, improved our understanding of these entities. In particular, the advent of high-resolution computed tomography, the narrowed pathologic definition of usual interstitial pneumonia, and recognition of the prognostic importance of separating usual interstitial pneumonia from other idiopathic interstitial pneumonia patterns have profoundly changed the approach to these processes. Most recently, genetic medicine, the use of new technologies (e.g., microarrays, mass spectroscopic analysis of proteins, and laser capture microdissection), and the development of animal models have had a major impact on understanding the pathogenesis and potential molecular targets for interfering with fibrogenesis. This article highlights some of the advances and changes in clinical practice that took place in the management of patients with interstitial lung diseases over the last century.
The interstitial lung diseases (ILDs), also called diffuse parenchymal lung diseases, are a diverse group of pulmonary disorders classified together because of similar clinical, roentgenographic, physiologic, or pathologic features. By the beginning of the 20th century, the gross and microscopic pathology of chronic ILD was well described. The focus turned to identifying occupational or environmental causes of ILD. Efforts from around 1950 to 1970 were aimed at understanding the radiographic, physiologic, and pathologic features of these diseases. By the 1960s, progress in categorizing ILDs was made: connective tissue diseases, drugs, occupational and environmental exposures, sarcoidosis, and inherited conditions were recognized as distinct entities. Those conditions that either remained unassociated with another process or without a clear cause were often lumped together under a single heading (e.g., "Hamman-Rich syndrome," "fibrosing alveolitis," or "idiopathic pulmonary fibrosis" [IPF] ).
Because the topic of ILD is vast, the themes chosen for discussion represent some editorial bias toward those that we have found most interesting or consider important to current practice or future studies in this field. Because of space limita-tions, we have not provided a complete list of references or discussed some entities where important advances have been made. Topics not discussed include the following: familial lung fibrosis (1), connective tissue diseases (2) , pulmonary vasculitis (3, 4) , pulmonary alveolar proteinosis (5), eosinophilic pneumonias (6) , diffuse alveolar hemorrhage (7), pulmonary Langerhans' cell histiocytosis (8) , lymphocytic interstitial pneumonia (3, 4) , and drug-induced lung disease (9) .
EPIDEMIOLOGY OF ILDs
Epidemiologic studies have been critical in our recognition of causes and establishing links between environmental and occupational exposure and the risk of developing ILD (see below). However, it has only been over the last two decades that the scope of investigation has expanded to include studies on the occurrence, risk factors, and prognosis of lung fibrosis (10) . During the latter half of the 20th century, epidemiologic data disclosed epidemiologic features that have enabled us to construct environmental and host factors that appear to play roles in the development ILD (Table 1) . Unfortunately, the study of the epidemiology of ILD remains problematic for several reasons, including the following: (1 ) insufficient number of cases to have adequate statistical power to assess the role of chance; (2 ) sampling bias because referral centers do not see cases representative of the general population; (3 ) lack of a precise, consistent case definition; (4 ) variable methods of case ascertainment; (5 ) variability in disease presentation; (6 ) lack of sensitive and specific diagnostic tests, resulting in underrecognition and misdiagnosis of the disease; (7 ) requirement for surgical lung biopsy for definitive diagnosis; and (8 ) the paucity of systematic epidemiologic investigations of cause (10, 11) . Nonetheless, largely by use of the case-control study design, considerable progress has been made in the epidemiologic investigation of these entities (10) . For example, a population-based registry in New Mexico examined for the prevalence and incidence of ILD. They showed that the prevalence was 80.9 per 100,000 in males and 67.2 per 100,000 in females, corresponding with annual incidence rates of 31.5 per 100,000/year in males and 26.1 per 100,000/year in females (Table 2 ) (10) . The prevalence has been shown to increase with age.
DIAGNOSIS OF ILDs
The patient with suspected interstitial pneumonia presents a formidable diagnostic challenge to physicians. Remarkable advances in technology have improved our diagnostic accuracy and fueled our understanding of the ILDs. A complete review of these important advances is beyond the scope of this article (3, 4) . However, we will highlight the important roles that physiologic testing, surgical lung biopsy, fiberoptic bronchoscopy with bronchoalveolar lavage (BAL), and high-resolution computed tomography (HRCT) scanning have played in improving our understanding of these disease processes. 
Physiologic Testing
Assessment of ventilatory function and gas exchange is essential in the evaluation of patients with ILD. In the 1950s, it was determined that the "classic" physiologic response in patients with ILDs was a restrictive pattern and/or impaired gas exchange. In addition, careful evaluation showed that many ILDs are associated with an obstructive pattern because of their bronchiolocentric propensity. These ILDs include sarcoidosis, hypersensitivity pneumonitis (HP), eosinophilic granuloma, lymphangioleiomyomatosis (LAM), tuberous sclerosis, and neurofibromatosis. Subsequently, investigators examined many other important issues: correlation between structure and function, role in assessing disease severity, correlation with radiographic changes, usefulness in following the clinical course and response to therapy, and the impact of smoking.
An important controversy that physiologic testing helped resolve was the mechanism of the hypoxemia in ILD. Initially, an anatomic barrier to oxygen caused by a thickened alveolar interstitium ("alveolar-capillary block") was suspected (12). Later, ventilation-perfusion mismatching was identified as the major factor (13) and that a diffusion barrier to oxygen was only important during exercise (14) .
Because lung function studies are used to monitor and follow disease course, it was important to determine which physiologic studies best correlated with the histologic features identified on lung biopsy. In general, neither lung function nor exercise testing discriminated between fibrosis and inflammation (15) (16) (17) . Smoking was shown to have a significant impact on both histopathology and lung function (17, 18) . Unfortunately, lung function studies have been shown to have a limited role in predicting prognosis and responsiveness to therapy (see below). However, serial measurements in an individual patient are invaluable in determining disease progression or response to therapy.
Open Lung Biopsy
Open lung biopsy via thoracotomy was popularized in the 1960s (19) . Before this time, transbronchial biopsy via a rigid bronchoscope or needle biopsies were used. These procedures yielded small tissue samples and were not useful in allowing recognition of the pattern of injury. Conversely, open lung biopsy was shown to have a very high diagnostic yield (92%) and a low morbidity and mortality (2.5 and 0.3%, respectively). The introduction of video-assisted thoracoscopic surgery increased the use of surgical lung biopsy. Video-assisted thoracoscopic surgery had an equivalent diagnostic accuracy, morbidity, and length of hospitalization compared with limited thoracotomy (20) . Surgical lung biopsy remains the investigation with the greatest overall diagnostic sensitivity for ILDs. Many clinicians remain reluctant to subject their patients to surgical lung biopsy, likely reflecting their pessimism that findings on lung biopsy will alter the proposed treatment plan. Consequently, surgical lung biopsy continues to be underused. Importantly, recent studies show that this lack of use of surgical lung biopsy is not justified. Experts in the field could only make a confident clinical diagnosis of IPF in approximately 50% of patients subsequently confirmed by biopsy to have IPF, even when the cases studied had been culled of other diffuse lung diseases (e.g., those with occupational exposure or associated with connective tissue disease). In addition, in a multidisciplinary study, histopathologic information had the greatest impact on the final diagnosis (compared with HRCT and clinical data), especially when the initial clinical/radiographic diagnosis was not IPF (21) .
Importantly, histopathologic evaluation has become the basis for the classification of the idiopathic interstitial pneumonias (IIPs), and it has been shown that the morphologic patterns provide important prognostic information that can guide therapy (see below) (22) . Several technical issues have been resolved:
1. Site of the biopsy: this should be obtained at the edge of the grossly abnormal areas of the lung to include grossly normal lung parenchyma and avoid the radiologically or grossly palpable "worst" areas and not the tips of the lingula and right middle lobe 2. Number of biopsies: more than one lobe of the lung 3. Size of specimens: the biopsy must be deep, extending well into the subpleural lung parenchyma ‫ف(‬ 3-5 cm in greatest dimension) (4)
Transbronchial Lung Biopsy
The introduction of the flexible fiberoptic bronchoscope and transbronchial biopsy was heralded as a useful "minimally invasive" method to obtain tissue, with a marked reduction in morbidity compared with surgical lung biopsy. These biopsies, though quite small, often yielded adequate amounts of lung tissue that could be used in the diagnosis of many lung diseases (e.g., sarcoidosis, malignancy, or infection). Initial reports claimed yields in ILD of 70 to 80% (23, 24) . However, it was soon shown that the accuracy of transbronchial biopsy was only 7 to 37% in immunocompetent hosts (24) (25) (26) (27) . Using transbronchial biopsies to diagnose IIP is not recommended (22, 28) .
BAL
The technique of BAL via the fiberoptic bronchoscope revolutionized the scientific and clinical investigation of lung disorders (29) . BAL permitted the recovery of cells from the airway and alveolar space and of soluble substances from the extracellular lining fluid. This tool has provided important insights into local host immunity, inflammation, fibrogenesis, and infections (30) . It was soon believed that BAL would supplant other more invasive procedures and could be used in the longitudinal monitoring of disease activity in patients with ILD. In fact, the analysis of BAL seemed to indicate that certain cellular profiles correlated with several processes: for example, sarcoidosis has a lymphocytosis characterized by an increased in T-helper cells and a high CD4/CD8 ratio; HP has a marked T lymphocytosis, especially the suppressor subset CD8; and IPF is characterized by increases in neutrophils and eosinophils. Unfortunately, in the IIPs, BAL findings have limited clinical utility either as an aid to diagnosis, as a prognostic indicator, or as a guide to therapy (29) .
Chest Imaging Studies
Chest radiograph. The chest radiograph can be useful to evaluate for general patterns of disease distribution (upper vs. lower lobe involvement, alveolar filling vs. interstitial opacities) and in the identification of other useful findings that might aid in differential diagnosis, including pleural abnormalities, cardiomegaly, and lymphadenopathy. Despite the important role of the chest radiograph in the initial detection and evaluation of lung disease, it lacks diagnostic specificity and sensitivity in ILDs (22, 28) . In addition, the chest radiograph correlates poorly with the histologic pattern, the anatomic distribution of disease, and the physiologic severity of disease (with the exception of honeycombing).
HRCT scanning. Since its introduction in the 1980s, HRCT scanning, with its greater ability to visualize fine detail within the lung, has replaced conventional chest radiography as the preferred imaging method for the ILDs. The characteristic radiographic features of many ILDs (especially for IPF) and correlations of these features with histopathology have been described (Table 3) (22, 28, 31) . HRCT has been found useful in the evaluation of ILDs in the following areas: identification of the presence of disease (often being abnormal when other studies are normal or only mildly impaired), evaluation of the extent of disease, characterization of the patterns of the disease, narrowing the differential diagnosis, as a guide to the site of biopsy, and assessing the clinical course of the disease and response to therapy. Unfortunately, because of the lack of diagnostic specificity in most settings, HRCT has not replaced the need for histologic confirmation in most patients with ILD (21, 32, 33) .
Other Imaging Techniques
Several other techniques have not lived up to expectations and to date have no well-documented clinical role in the diagnosis, management, or prognosis of most diffuse lung processes. These include the following (34): magnetic resonance imaging, gallium 67 citrate scanning, positron emission tomography, and technetium 99m-diethylenetriamine penta-acetate scanning.
IIPs Histopathologic Classification
In 1944, Hamman and Rich (35) described four cases of rapidly progressive, fatal, diffuse interstitial fibrosis ( Figure 1 ). Thereafter, it was widely accepted that the morphologic features of diffuse idiopathic fibrotic lung disease was "a diffuse interstitial fibrosis with mononuclear cell infiltration" (termed "HammanRich syndrome"). In the 1960s, after the increased use of surgical lung biopsy and the availability of lung specimens in earlier stages of the disease process, it was pointed out that the spectrum of histopathologic findings was much broader and included intraalveolar, interstitial, and airway changes (36) (37) (38) . In 1964, Scadding introduced the term "diffuse fibrosing alveolitis" to encompass the features of both interstitial and intraalveolar changes in the ILDs. Subsequently, Scadding reported a classification of pulmonary fibrosis that was divided into two groups: all those diseases that were at that time defined etiologically (e.g., asbestosis, silicosis, HP, drugs, infections) and those conditions of unknown cause that were defined histopathologically (39) . This second group was further subdivided into conditions that are part of a systemic disease (e.g., sarcoidosis) or fibrosing alveolitis (defined as pulmonary disease only). Scadding added that, if no etiology is known, the term "cryptogenic" or the phrase "of unknown cause" could be added to the term "fibrosing alveolitis."
In 1969, Liebow and Carrington (38) described five histopathologic subgroups of chronic IIP based on specific histologic criteria: undifferentiated or "usual" interstitial pneumonia (UIP), bronchiolitis interstitial pneumonia, desquamative interstitial pneumonia (DIP), lymphoid interstitial pneumonia, and giant cell interstitial pneumonia. Liebow and Carrington proposed that histopathologic classification might help to distinguish clinically distinct conditions, and correlate with the radiographic appearance, clinical course, and prognosis (38) .
Several controversies between the British and American investigators existed: (1) the terminology (e.g., "interstitial," "pneumonia," "alveolitis," "idiopathic," "cryptogenic") and (2 ) the meaning of the "desquamative" pattern (i.e., the British school believed the desquamative pattern was a stage of the usual pattern, whereas the American school believed DIP was a separate entity from UIP). In retrospect, there were little differences Definition of abbreviations: AIP ϭ acute interstitial pneumonia; COP ϭ cryptogenic organizing pneumonia; DIP ϭ desquamative interstitial pneumonia; HRCT ϭ high-resolution computed tomography; IPF ϭ idiopathic pulmonary fibrosis; LIP ϭ lymphocytic interstitial pneumonia; NSIP ϭ nonspecific interstitial pneumonia; RB-ILD ϭ respiratory bronchiolitis-associated interstitial lung disease.
between the two schools of thought and they complemented each other rather than identified fundamental differences. For example, Liebow and Carrington's description of histopathologic subgroups of chronic IIP was essentially a subdivision of Scad- ding's fibrosing alveolitis. For many years, clinicians abandoned the designations DIP and UIP, believing that they represented stages in the development of IPF, or worse, were simply "cryptic," "outmoded," "imprecise," and "ambiguous" labels (40, 41) .
In 1998, Katzenstein and Myers (41) revised the classification scheme to include four histopathologically distinct subgroups: UIP, DIP and a closely related pattern termed "respiratory bronchiolitis-associated interstitial lung disease" (RB-ILD), acute interstitial pneumonia (formerly Hamman-Rich syndrome), and nonspecific interstitial pneumonia (NSIP). Liebow and Carrington's lymphoid interstitial pneumonia and giant cell interstitial pneumonia subgroups were excluded because lymphoid interstitial pneumonia is a lymphoproliferative condition and giant cell interstitial pneumonia is a hard-metal pneumoconiosis. Bronchiolitis interstitial pneumonia, also known as bronchiolitis obliterans organizing pneumonia, was excluded because it was a predominantly intraluminal process. Katzenstein and Myers' method of histopathologic categorization emphasized the need for consistent pathologic criteria for diagnosis and incorporated several key distinguishing features: the temporal heterogeneity of inflammation and fibrosis, the extent of inflammation, the extent of fibroblastic proliferation, the extent of accumulation of intraalveolar macrophages, and the presence of honeycombing or hyaline membranes. These histologic subsets have been proven to have prognostic significance (Figure 2) .
In 2001, an American Thoracic Society (ATS)/European Respiratory Society (ERS) consensus panel revised Katzenstein and Myers' classification schema to emphasize the importance of an integrated clinical, radiologic, and pathologic approach to the diagnosis of IIP (22) . In addition, they concluded that the IIPs comprised a number of clinicopathologic entities, which were sufficiently different from one another to be designated as separate disease entities. (A ) Survival curves in cryptogenic fibrosing alveolitis demonstrating the influence of histologic features on prognosis (n ϭ 39; p Ͻ 0.02). The "mixed" and "fibrotic" cases were described as having the UIP pattern or end-stage fibrosis (with or without honeycombing). The "cellular" cases were described as having "more cellular and less fibrotic changes" and appear very likely to have had the NSIP pattern. (Only one case in this study had the DIP pattern, and it is not known if that case is reported in the cases in this analysis.) Adapted by permission from Reference 89. (B ) Survival in patients with IPF (defined as UIP pattern) compared with patients with NSIP and other diffuse parenchymal lung diseases. Patients with UIP had a significantly worse survival (p Ͻ 0.001) compared with NSIP and others subgroups. Median survival for patients with UIP was 2.8 years. Other groups included the following: DIP (n ϭ 8), bronchiolitis (n ϭ 4), BOOP (n ϭ 4), RB-ILD (n ϭ 2), chronic eosinophilic pneumonia (n ϭ 1), and hypersensitivity pneumonitis (n ϭ 1). Adapted by permission from Reference 90.
The ATS/ERS classification combined the histopathologic pattern seen on lung biopsy (as described by Katzenstein and Myers) with clinical and radiologic information to arrive at a final diagnosis. This approach allowed for the preservation of existing histopathologic and clinical terms while precisely defining the relationship between them (Table 3) . When the terms are the same for the histopathologic pattern and the clinical diagnosis (e.g., DIP), it was recommended that the pathologist use the addendum "pattern" when referring to the appearance on lung biopsy (e.g., DIP-pattern), reserving the initial term for the final diagnosis. In so doing, lung biopsy was no longer considered the gold standard for the diagnosis but was one integral part of the diagnosis. The new gold standard for the diagnosis of IIP is a combination of clinical-radiographic-pathologic features arrived at by a dynamic, integrated process among clinicians, radiologists, and pathologists (when a surgical lung biopsy is available) (Table 3) (21, 22, 32, 42) .
IPF

Definition. IPF is now identified by "what it is rather than by
what it is not" (22, 28, 41) . To emphasize the distinct pathophysiology and clinical course of IPF, the ATS/ERS has recommended reserving the term "IPF" for the clinical condition characterized by progressive dyspnea and chronic cough, restrictive lung disease, and the histopathologic pattern of UIP (22, 28) . This important change emphasized the clinical relevance of histopathology, in particular UIP as defined by the ATS/ERS consensus statements (22, 28) .
UIP: a paradigm shift. Distinguishing UIP from the other histopathologic subgroups of IIP identified important therapeutic and prognostic implications. For years, the prevailing pathophysiologic theory in ILD was that generalized inflammation eventually leads to widespread parenchymal fibrosis and progressive decline in pulmonary function. This model seems to hold true for many of the corticosteroid-responsive ILDs (e.g., DIP, RB-ILD, NSIP, HP, eosinophilic pneumonia, sarcoidosis, and organizing pneumonia), but only for a minority, if any, of patients with UIP. The historical belief that UIP represents the final common pathway for all forms of lung injury appears incorrect. Instead, with few exceptions, UIP seems to be a distinct pathophysiologic entity characterized by minimal inflammation and chronic fibroproliferation caused by abnormal parenchymal wound healing (43) .
In the past, the pattern of pulmonary fibrosis associated with connective tissue diseases was said to be morphologically indistinguishable from UIP. However, retrospective studies of lung biopsies in patients with connective tissue disease using the current histopathologic criteria show that the most common pathologic pattern is NSIP (82% of subjects with connective tissue disease) and only a minority of cases show the pattern of UIP (18% of subjects with connective tissue disease; Table 4 ) (44-50). These findings also provide an explanation for the identification of immune complexes in patients previously diagnosed with IPF (i.e., they most likely had an autoimmune disease) (51) . Furthermore, even the patients labeled as UIP in these current studies generally do not behave like patients with IPF (i.e., they have atypical clinical, radiographic, or histopathologic features, and survival is better than in IPF) (45, 48) .
Diagnosing IPF without surgical lung biopsy. In the absence of a surgical lung biopsy, the diagnosis of IPF remains unproven (22, 28 ). Yet, in clinical practice, surgical lung biopsies are performed in less than 15% of patients (42) . This low rate of surgical lung biopsies occurs despite the absence of evidence-based clinical, radiologic, and physiologic diagnostic criteria.
The ATS/ERS consensus statement described major and minor criteria for the clinical diagnosis of IPF developed from expert opinion (Table 5) . If patients do not meet these major and minor criteria, surgical lung biopsy should be pursued. These criteria are useful and have been widely used; however, the following issues need to be addressed: (1) the diagnostic accuracy of these criteria should be examined in a prospective multicenter cohort study of patients presenting with a suspected diagnosis of IPF (preliminary data suggest that these criteria are accurate in only a subset of patients with classic HRCT features of IPF), (2) the HRCT criteria need to be better defined, and (3) there needs to be a reappraisal of the role of transbronchial lung biopsy and BAL.
Accuracy of HRCT. The ability of HRCT scanning to diagnose IPF has reported sensitivities of 43 to 78% and specificities of 90 to 97% for confident radiographic diagnosis (21, 32, (52) (53) (54) . These studies argue that when the clinical and radiographic diagnoses are consistent, IPF can be confidently diagnosed. Importantly, they also demonstrate that this consistency is only present in about half of patients with biopsy-confirmed UIP. Furthermore, an HRCT pattern consistent with a confident diagnosis of IPF represents mid-to late-stage disease and is associated with a particularly ominous prognosis (55) . Finally, some caution is required because prospective data on the diagnostic accuracy of HRCT scans in unselected populations are still lacking.
Clinical course of IPF. The clinical course of IPF is variable; however, the long-term survival in IPF is distinctly poor (see Figure 2 ). Data from a large clinical trial suggest that a large proportion of patients with mild-to-moderate IPF remain stable for prolonged periods, whereas others experience an accelerated phase, with a rapid decline and subsequent death (56, 57) . It is increasingly apparent that "acute exacerbations" or an "accelerated phase of rapid clinical decline" characterizes the clinical course of IPF and portends a poor prognosis (Figure 3 ). Histologic examination of the lung has shown a pattern of acute lung injury (diffuse alveolar damage) on the background of UIP (58, 59) . Better understanding and management of these episodes appear critical to reducing the death rate in IPF.
Predictors of survival in IPF/UIP. A number of features measured at the time of diagnosis have been identified to be predictors of worse survival in IPF as follows: increasing age; male sex; smoking history (higher the number of pack-years, the worse the prognosis); degree of dyspnea, severity of lung function, and gas exchange at rest and with exercise; degree of radiographic abnormality; neutrophilia or eosinophilia on cellular analysis on BAL; decreased surfactant protein (SP)-A content and SP-A/ phospholipid ratio; honeycomb changes on HRCT scan; and extent and severity of the fibroblastic foci on lung biopsy (60) (61) (62) .
Changes in dyspnea score, TLC, FVC, Pa O 2 , O 2 saturation, or AaPo 2 over 6 and 12 months may be useful as surrogate endpoints in monitoring therapeutic efficacy in individual patients. Predictor models based on combining multiple baseline clinical, radiologic, or physiologic measurements have been derived from large groups of carefully selected patients with IPF and appear to perform well as predictors of outcome (60, 61). Definition of abbreviations: BAL ϭ bronchoalveolar lavage; DL CO ϭ diffusing capacity of the lung for carbon monoxide; HRCT ϭ high-resolution computed tomography; ILD ϭ interstitial lung disease; P(AϪa)O 2 ϭ alveolar-arterial pressure difference for oxygen; VC ϭ vital capacity.
TABLE 5. AMERICAN THORACIC SOCIETY/EUROPEAN RESPIRATORY SOCIETY CRITERIA FOR DIAGNOSIS OF IDIOPATHIC PULMONARY FIBROSIS IN ABSENCE OF SURGICAL LUNG BIOPSY
In the immunocompetent adult, the presence of all of the major diagnostic criteria as well as at least three of the four minor criteria increases the likelihood of a correct clinical diagnosis of idiopathic pulmonary fibrosis. Reprinted by permission from Reference 28.
NSIP
It is uncertain whether NSIP is a specific separate entity. However, its recognition and separation from UIP has had a major impact on our understanding of the IIPs. Before 1994, the NSIP pattern was included in the histologic spectrum of "UIP" (i.e., called "cellular interstitial pneumonia," "mixed cellular and fibrotic UIP"). Recent review of the cellular and mixed cases showed most of them to be examples of NSIP. Most important, the identification of NSIP has prognostic significance (see Figure 2) . In addition, NSIP (not UIP) is most often found on lung biopsy in patients with connective tissue disease, and may be the pattern identified in some cases of drug-induced lung disease and HP.
NSIP is characterized by varying degrees of inflammation and fibrosis, with some forms being primarily inflammatory (cellular NSIP) and others primarily fibrotic (fibrotic NSIP) (63) . Most investigators believe that cellular NSIP is the early stage of fibrotic NSIP. Although NSIP may have significant fibrosis, it is usually of uniform temporality, and fibroblastic foci and honeycombing, if present, are rare. The temporal uniformity is distinctly different from that seen in UIP. Nonetheless, fibrotic NSIP can be difficult to distinguish from UIP, even among expert pathologists.
When lung tissue is obtained from multiple sites, an NSIPlike pattern is sometimes found in association with another histopathologic pattern, particularly UIP. To date, there have been no reports documenting progression from NSIP to UIP (or vice versa). As Katzenstein and coworkers (64) have stated, for NSIP (a uniform process with minimal architectural destruction) to evolve into UIP (a nonuniform process with alternating zones of dense fibrosis, fibroblast foci, scant inflammation, normal lung, and honeycomb change), one would have to postulate that some of the involved areas in NSIP revert to normal, whereas others progress to irreversible fibrosis and honeycomb change. One explanation for the coexistence of NSIP-like areas and UIP is that two different mechanisms of fibrosis are occurring. Conceivably, the initial injury in UIP could itself cause secondary inflammation and fibrosis that resemble NSIP, thus explaining the finding of NSIP-like areas in UIP (64) . This problem is further confounded by sampling problems at the time of biopsy-that is, the usually isolated areas of NSIP may in fact be a homogeneous area in what is more macroscopically UIP (and clinically behaves like IPF) but only the NSIP was sampled. More specific criteria or the development of precise molecular markers therefore are needed to accurately distinguish these two histopathologic patterns. In this regard, this emphasizes the vital role of clinical, radiologic, histopathologic correlation in clarifying such apparent inconsistencies (21, 22) . Importantly, in cases where UIP and NSIP coexist in the same lung specimen, the clinical behavior of the patient is most consistent with that of UIP-that is, UIP injury is the dominant factor controlling prognosis and treatment responsiveness (65) .
Cryptogenic Organizing Pneumonia
Foci of organizing pneumonia are commonly found at surgical lung biopsy in many settings (e.g., postinfectious, malignancy, drug-related lung injury, connective tissue disease-related, posttransplant, aspiration, inflammatory bowel disease), and even associated with other IIPs, including UIP. However, in 1983, Davison and coworkers (66) described a clinicopathologic entity of isolated organizing pneumonia in patients without an identifiable associated disease. In 1985, Epler and colleagues (67) described the same entity under the term bronchiolitis obliterans organizing pneumonia, and that latter term came into common usage. The ATS/ERS consensus statement recommended that the term cryptogenic organizing pneumonitis be used because it conveys the essential features of the syndrome described below and avoids confusion with airway diseases such as constrictive bronchiolitis obliterans (22) .
Diagnosis. The clinical presentation of cryptogenic organizing pneumonia can be mistaken for community-acquired pneumonia or ILD, depending on the duration and constellation of presenting symptoms (Table 3) . HRCT scanning is distinctive and reveals a predominance of bilateral, patchy consolidation, most commonly with a subpleural or peribronchial distribution. Peribronchovascular nodules (occasionally quite large) and irregular linear, subpleural opacities are also seen. Ground-glass opacities may occasionally be prominent findings. Honeycombing is rarely, if ever, present.
The histopathologic appearance of organizing pneumonia is a uniform temporal appearance of mild interstitial chronic inflammation associated with an intralumenal organizing fibrosis in distal airspaces (bronchioles, alveolar ducts, and alveoli). The lung architecture is generally well preserved, and honeycombing is not described.
Treatment. A remarkable feature of the "fibrosis" of cryptogenic organizing pneumonia is that it is usually steroid responsive: more than 80% of patients will improve or return to normal. With treatment, the 5-year survival approaches 100%. However, recurrence (usually after withdrawal of steroids) can be quite common and may be life-threatening.
Smoking-related ILD
A number of ILDs are linked to cigarette smoking: pulmonary Langerhans' cell histiocytosis, DIP, RB-ILD, IPF, rheumatoid arthritis-associated ILD, and acute eosinophilic pneumonia (68) . DIP and RB-ILD may be manifestations of the same condition. In fact, respiratory bronchiolitis is found in any lung biopsy from a smoker. The most striking feature of these two conditions is the filling of alveoli by pigment-laden macrophages.
THERAPY FOR IIPs
A major problem has been the lack of large, randomized clinical trials to guide treatment of these diseases. Multiple reasons exist for the paucity of clinical trials: the number of patients is limited and an adequate trial would require multiple centers to recruit sufficient numbers of patients, there is a lack of consensus regarding the diagnostic criteria and outcome variables, there are few new therapies ready for evaluation, and there is a general concern that controlled trials including a placebo arm are unethical in view of the poor prognosis of untreated cases and evidence of "response to steroids" in retrospective studies.
Treatment of IPF
Conventional management of IPF has been based on the concept that suppressing inflammation would prevent progression to fibrosis. Untreated patients invariably progress. Corticosteroids have been the mainstay of therapy since their initial release for clinical use in 1948; however, few controlled clinical trials have been performed. Using the current diagnostic criteria, there have been no or poor response rates (8-17%) to corticosteroids for patients with UIP.
Azathioprine or cyclophosphamide alone or in combination with corticosteroids showed limited efficacy and frequent adverse effects in patients with IPF. A number of other drug combinations have been tried with prednisone (e.g., methotrexate, colchicine, penicillamine, or cyclosporine) but have failed or are not well tolerated by patients (69) . Currently, there is no good evidence to support the routine use of any specific therapy in the management of IPF (56, 70, 71) . Initial studies suggest that IFN-␥1b may delay progression of disease or improve survival in patients with less impaired lung function at presentation. However, IFN-␥1b has no effect in patients with severe impairment (FVC, Ͻ 55%, or diffusion capacity for the lung for carbon monoxide, Ͻ 30% of predicted) (56, 57, 72) . Pirfenidone may improve lung function and reduce the number of episodes of acute exacerbation of IPF (71) . The addition of N-acetylcysteine to standard therapy (prednisone and azathioprine) appeared to slow the progression of IPF compared with patients given standard therapy alone. Additional large clinical trials are needed to confirm these preliminary findings regarding the potential usefulness of IFN, pirfenidone, or acetylcysteine.
Treatment of Other IIPs
Retrospective reviews suggest a clinical response to corticosteroids in 16 to 57% of patients with IIPs (other than UIP and acute interstitial pneumonia). Importantly, these studies did not distinguish between histopathologic subgroups and relied on the clinical diagnosis (not biopsy confirmed) of IIP in the majority of patients. We believe, based on reviews of the cases from many of these studies, that the treatment-responsive patients were mostly cases of NSIP, DIP, RB-ILD, or crytogenic organizing pneumonia, not UIP. There are no prospective treatment studies for NSIP, DIP, or RB-ILD. However, retrospective reviews of observational studies in which most patients received corticosteroids alone or in combination with azathioprine or cyclophosphamide have suggested excellent responsiveness for NSIP, crytogenic organizing pneumonia, and DIP (73) . RB-ILD appears to resolve in most patients after smoking cessation alone.
Lung Transplantation
In the late 1980s, single lung transplantation was introduced as a treatment of last resort for patients with progressive lung fibrosis (74) . It improves survival but has considerable problems in its own right. Unfortunately, patients with IIP are often referred too late-30% or more die while on the waiting list. It has been found that several ILDs recur in the recipient lung, including LAM, sarcoidosis, Langerhans' cell histiocytosis, idiopathic pulmonary hemosiderosis, pulmonary alveolar proteinosis, giant cell interstitial pneumonitis, talc granulomatosis, and DIP.
SARCOIDOSIS
Sarcoidosis, a worldwide phenomenon, is a systemic disorder of unknown origin characterized by granulomatous inflammation in a variety of organs, most commonly the lung (75) . The medical history of sarcoidosis is interesting and has been recently reviewed (11, 76) . Table 6 shows many of the important milestones in diagnosis and management of sarcoidosis. After its initial description in the late 1800s, sarcoid was assumed to be a primarily dermatologic process with uncommon involvement limited to a specific site (e.g., ocular, parotid glands, bones). Around 1900, Boeck introduced the term sarkoid because he believed that the lesions resembled sarcoma, but were benign (76) . Over the next decade, the systemic nature of the disorder became well recognized. Worldwide mass chest radiographic surveys among armed forces recruits during World War II called attention to the importance of silent bilateral hilar adenopathy. This led to recognition that asymptomatic cases far outnumber symptomatic cases and helped distinguish sarcoidosis from tuberculosis. From the 1950s to 1980s, studies dissected the epidemiology and immunologic, biochemical, and pathogenetic mechanisms.
Diagnosis
Histologic confirmation of the presence of granulomas is critical in the diagnosis of sarcoid. In addition, the chest x-ray played an important role in diagnosis and a large literature exists. The exact role of CT in the diagnosis remains poorly defined (11, 75) . Magnetic resonance imaging is used to show evidence of sarcoidosis in a particular organ, including neurologic, muscle, and bone disease. Contrast enhancement with gadolinium improves the sensitivity of the technique. Positron emission tomography scanning with various markers has shown usefulness in the detection of occult disease activity (75) .
Etiology and Pathogenesis of Sarcoidosis
The cause is not known. Advances made during the last three decades establish several lines of evidence supporting the hypothesis that sarcoidosis results from exposure of genetically susceptible hosts to specific environmental agents (11) . Sarcoido-sis represents an exaggerated Th1-type immune response triggered by an antigen at sites of disease activity (77) . Illness among clusters of individuals has suggested that there is personto-person transmission or shared exposure to an environmental agent. To date, there is no evidence that sarcoidosis is caused by an infectious agent, although several organisms have been implicated (e.g., mycobacteria, viruses, Borrelia burgdorferi, and Propionibacterium acnes). A role for a transmissible agent is further suggested by the finding of granulomatous inflammation in patients without sarcoidosis who received heart transplantation from donors who had sarcoidosis and in heart and lung allografts in patients who received heart or lungs from donors without sarcoidosis (76) . In addition, noninfectious environmental agents can elicit a granulomatous response with many features that are similar to sarcoidosis (e.g., beryllium, aluminum, and zirconium) (11) . Sarcoidosis is genetically a complex disease whose genetic predisposition is determined by the varying effects of several genes. Epidemiologic studies show significant heterogeneity in disease presentation and severity occurs among different ethnic and racial groups. There are numerous reports of familial clustering of sarcoidosis. The most prominent finding is linkage to a section within major histocompatibility complex (MHC) on the short arm of chromosome 6. What is emerging from these studies is that there seems to be several alleles that confer susceptibility to disease (HLA DR 11, 12, 14, 15, 17) and some that seem to be protective (including HLA DR1, DR4, and possibly HLA DQ*0202) (75) .
Treatment of Patients with Sarcoidosis
The treatment of patients with sarcoidosis remains controversial (11, 75) . There are specific instances when treatment is critical, such as with cardiac or eye involvement. However, for many patients, systemic treatment is not necessary. There is a growing belief that corticosteroid treatment can lead to a chronic fibrotic form of the disease. Whether the risks associated with long-term corticosteroids are worth the modest benefit seen in the few welldesigned clinical trials remains unclear. The use of methotrexate, azathioprine, and hydroxychloroquine as second-line agents has become the standard for most patients with symptomatic sarcoidosis who develop unacceptable side effects of corticosteroid therapy (11, 75) . There is particular interest in matching of the treatment with the various biochemical and molecular changes found in the disease. In particular, tumor necrosis factor-␣ has been investigated because it was shown that alveolar macrophages retrieved by BAL release large amounts of tumor necrosis factor ␣, the levels fall with treatment, and this is predictive for persistent disease. Consequently, tumor necrosis factor-␣ modifiers, including pentoxifylline, thalidomide, etanercept, and infliximab, are under investigation (75) .
LAM
LAM is a rare multisystem disease of premenopausal women, characterized by cystic degeneration of the lungs, renal angiomyolipomas, and lymphatic lesions ‫ف(‬ 3-5/1,000,000 women) (78). LAM was first described in 1937 by German and English investigators who termed the lesions "muscular cirrhosis" and "leiomyosarcoma" of the lung. In 1970, Japanese researchers reported a series of cases that increased interest in the disease. Subsequently, it became apparent that the common feature was the presence of smooth muscle proliferations in the lung. LAM is the prototypic example of the value of national registries for patients with rare diseases. Volunteer national registries in the United States, France, and Japan have been important resources to obtain data and to promote research on the disease (78).
Diagnosis
LAM is often misdiagnosed as asthma or chronic obstructive pulmonary disease. LAM occurs as an isolated disorder or in association with tuberous sclerosis complex (TSC; affecting approximately one-third of women). TSC is an autosomal dominant disorder involving hamartomas in multiple organs. Progress has been made in our understanding of the molecular and cellular mechanisms that underlie LAM.
There is evidence for the colocalization of estrogen and progesterone receptors in LAM cells. LAM cells differ from normal smooth muscle cells by the presence of gp100, a 100-kD glycoprotein found in melanoma that reacts with a monoclonal antibody, HMB45. In addition, LAM lesions are marked by proliferation of abnormal-appearing smooth muscle-like cells that have loss of heterozygosity and inactivating mutations in one of the two TSC genes. Most mutations have been described in the TSC2 (16p13) gene (a tumor suppressor gene implicated in TSC), with mutations in the TSC1 gene (9q34) being less frequent (79) . In LAM lung lesions, loss of heterozygosity or other somatic mutations in either TSC gene have been reported. It has been shown that renal angiomyolipomas contain abnormal smooth muscle-like LAM cells, blood vessels, and adipose cells. All three types of angiomyolipomas cells appear to be neoplastic, based on loss of heterozygosity as the second genetic hit. Loss of heterozygosity at the TSC2 locus has also been detected in lymph nodes from a transplant patient with LAM. Recurrent LAM cells within donor lungs after transplantation were of recipient origin, suggesting metastatic spread. These "neoplastic" LAM cells have been identified in the blood and other body fluids of patients with LAM (80).
Treatment
Progression is common, with a median survival of 8 to 10 years from diagnosis. Estrogen-containing medications should be discontinued. Oophorectomy, progesterone, tamoxifen, and luteinizing hormone-releasing hormone analogs have been used with limited success. Lung transplantation offers the only hope for cure despite reports of recurrent disease in the transplanted lung.
OCCUPATIONAL AND ENVIRONMENTAL LUNG DISEASE Pneumoconioses
The industrial revolution of the 19th century resulted in widespread exposure to the inhalation of dust that promoted the development of diseases with significant morbidity and mortality, with asbestos and silicosis being the most prevalent pneumoconioses. Epidemiologic studies identified a myriad of causes and established links between the extent of exposure and the risk of developing ILD. These studies led to improved working conditions, dust control measures, and more stringent regulations, which resulted in a decrease in the incidence of severe forms of silicosis, coal worker pneumoconiosis, and asbestosis (especially in industrialized countries). Importantly, pneumoconioses are still a common cause of chronic lung diseases; however, as the classic mineral dust-induced pneumoconioses decrease in frequency, obstructive airway diseases have emerged as the most prevalent category of occupational respiratory disorder (81) . The diversity of settings in which many of these agents (especially silica and asbestos) are used continues to add new cases, and thus the burden of disease related to remote and ongoing exposures is still considerable (82) .
Overall, the clinical picture of the classic pneumoconioses and their complications has not changed substantially. However, advances in lung imaging, mineralogic analysis of BAL fluid, immunologic techniques, and lung biopsy (in selected cases) have been instrumental in early detection (often before symptoms or lung function abnormalities are detected) and have identified new patterns of disease (82) .
Over the past 20 to 30 years, an increase in industrial processes has led to the production and use of large numbers of chemicals, metals, and alloys. Increasingly, many of these newer substances or exposures are being reported as causes of ILD (e.g., beryllium, polyvinylchloride, exposure to paint (aerograph) aerosol in the textile industry, nylon flock, organic vapors from flavorings). In many of the newly recognized diseases, the traditional doseeffect relationships often do not apply.
HP
Diagnosis. HP is caused by inhalation of many different environmental antigens. The prevalence of HP is higher than recognized, especially its chronic form. Genetic variations determine individual susceptibility to lung disease. Mechanisms of disease are still incompletely known; however, recent advances have revealed that HP is a complex syndrome of varying intensity, clinical presentation, and natural history rather than a single, uniform disease (83, 84) . Numerous agents have been described, including, but not limited to, agricultural dusts, bioaerosols, microorganisms (fungal, bacterial, nontuberculous mycobacteria, or protozoal), and certain reactive chemical species. Because of effective preventive measures in the workplace, HP occurs predominantly from domestic exposures, and bird allergens constitute the majority of the causative agents.
The presence or absence of serum precipitins is of limited usefulness in the diagnosis of HP. However, serum precipitins may be useful to identify the causative agent once the diagnosis has been established. Widespread use of HRCT and improved recognition of the patterns suggestive of HP has broadened the identification of cases and the search for potential cause, especially in sporadic cases. The HRCT pattern can be variable depending on the stage of disease, but characteristically, it shows a mid-to upper zone predominance of centrilobular ground-glass or nodular opacities with signs of air-trapping. A presumptive diagnosis of HP can be established even without the identification of the source of exposure in the proper clinical setting.
Treatment. Antigen avoidance is the key element in the treatment of HP. Often, there is a beneficial response to corticosteroids. However, it can be difficult to distinguish between the effects of treatment and the natural course of the disease. A randomized, double-blind, placebo-controlled study of corticosteroids in patients with acute farmer's lung found that patients given prednisolone showed more rapid improvement in lung function but there was no difference in the long-term outcome between the two groups (85) . Recurrences were more common among corticosteroid-treated patients than among control subjects if they had continuing antigen exposure, raising the possibility that treatment suppressed important regulatory aspects of the immune response in these patients. Farmer's lung is not a benign disease; approximately 50% of farmers develop chronic lung impairment, commonly with obstructive abnormalities often associated with emphysematous changes on HRCT. Bird fancier's lung may have a worse prognosis compared with other exposures. HP is characterized by several histologic patterns of lung injury (in combination or alone). A recent workshop has recommended several areas for additional investigation (86) .
CONCLUSIONS
Much has been learned over the last 100 years. At times, progress was slowed by strongly held beliefs in things we did not understand, inattention to progress made in other fields and its potential application to ours, inability to perform adequate clinical trials, and a failure to communicate and collaborate. Until recently, the level of evidence in support of most recommendations regarding diagnosis and treatment was largely that of expert opinion developed by consensus. We have made tremendous progress and have entered a new era in the understanding of the classification, pathogenesis, and biology of ILDs. With support from our professional organizations, governmental agencies, and industry, we have organized consensus conferences and working groups, established registries, and, most important, begun large multicenter clinical trials. Technological advances and the development of animal models have had a major impact on understanding the pathogenesis and potential molecular targets for interfering with fibrogenesis. The recent decision by the NHLBI to establish a national IPF Clinical Research Network (to conduct coordinated clinical and laboratory studies of wellcharacterized patients and patient-derived materials) is an exciting development. These efforts will soon lead to therapies that are more effective for our patients.
